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(SI) Abstract 



An isolation system includes a housing (22) that contains an electromagnet (30), a sensor (32) and a controller (34). The housing (22) 
is mounted underneath a tabic top of an isolation table (10) (or other structure requiring isolation from a second body), and target elements 
(24), such as permanent magnets, are associated with the frame of the table in proximity to the housing (22). The sensor (32) provides 
an input signal representative of motion of the table to the controller (34), which generates a control signal for the electromagnet (30) to 
produce a force acting on the target element (24). The housing (22) can be attached to the table top with magnets (26), which facilitate 
ins(<iIIation. The housing provides a unit that is simple to install, is unobtrusive, and advantageous for retrofitting existing isolation tables. 
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Patent 

ISOLATION SYSTEM FOR ISOLATION TABLES AND THE LIKE 
BACKGROUND AND SUMMARY OF THE INVENTION 

The invention is directed to devices for isolating one body from vibration 
transmitted by another body. In particular, the invention provides a low cost, self- 
contained, active isolation system that can be readily mounted to an isolation table, or 
similar structure, to control vibrational disturbances. 

Electromagnet actuators are especially well suited for generating forces in 
situations where the relative displacements are low. Electromagnets are low cost and 
inexpensive to operate, which is an additional advantage. Known systems using 
electromagnets in vibration isolation tables are unduly complicated and lack ease of 
installation or adjustment. Further, known systems are not readily adaptable for retrofit 
into an existing isolation table or other structure. 

The invention overcomes the deficiencies in the art to provide an isolation 
system having at least one electromagnet based to generate force for canceling 
vibration in an isolated body (e.g., the table top) transmitted by a supporting body (e.g., 
the table frame or legs). According to the invention, the system comprises a device 
having an electromagnet, a motion sensor, and controller all contained within a single 
housing that is easily mounted to the isolated body. One or more of the devices can be 
mounted to the isolated body depending on what modes of vibration are of concern. 

Housing the components in a single container or housing facilitates mounting 
the device to an isolation table, and reduces installation cost and complexity. The 
housing makes the devices less conspicuous ahd le^^ intrusive for the user. According 
to the invention, the housing can be mounted to the table top (which are typically made 
of a ferrous metal) with permanent magnets, which provides instant attachment and the 
I ability to easily remove and reposition the housing, if desired.*: Other attachment 
means, such as adhesives or screw fasteners, could rb>e used as alternatives. 

The invention is advantageously installed on an isolation table to act in parallel 
with a spring system supporting the table on a frame or legs. Such spring systems are 
typically pneumatic, but the invention can work with other types of spring supports. 

According to a preferred embodiment, the sensor is an accelerometer which 
produces a signal representative of acceleration in the table top. The signal is 
processed by the controller, which generates a control signal for the electromagnet to 
cause it to produce a force for canceling the vibration. A preferred control mode is to 
integrate the acceleration signal to obtain a velocity, and then to feedback a sum of the 
proportioned acceleration and velocity. Alternatively, another motion sensor could be 
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used with appropriate control. For example, a geophone, velocimeter, or a 
displacement sensor could be used to sense motion of the table top. 

According to one aspect of the invention, a target element is included for the 
. electromagnet toiact against with a vibration-canceling force. According to a preferred 
5 embodiment, the target: element is a permanent magnet. The target element is attached 
to the supporting frame or legs and the housing is mounted to the table top in proximity 
to the magnet so thalargap is established between the electromagnet and permanent 
magtiet. The permanent magnet produces a bias that pemiits the electromagnet to 
generate a push or a pull force on the permanent magnet, making the vibration 
10 . canceling forces more effective. Isolation tables typically have horizontal support rails 
' near.lhe table; top.- Forjvertical vibration, the target element is conveniently mounted to 
r the rail. For systems ;\vlfccu.t rails between the legs, brackets can be mounted on the 
\egsXo provide :for;a tr -gait elemenr. For horizontal vibration, the target element can be 
mounted to , a tabJe Jeg oi^racketry; The housing is appropriately oriented so that the 
15 • electromagnet is pcsi«:ione'dta generate a force acting on the target element across a 

: -'-gap. ' *: • '/T.'V r:..:: . ; /• 

> , Accord?ii:i£;Xo'tbf5 invention, the t^^ 
magnetically sensitive element, such as a ferrous metallic member, for which the 
electromagnet w:'" pradifi€e an' attriactive force. Accordingly, a bias can be applied to 
20 the electroniagnet / tit)pi/yi;ig a DC input, or by installing a permanent magnet in the 
electromagnet^ so, tlatt.both attractive and repulsive forces can be generated for 
effective vibratioiic:inetIing; . 

- According to aiiother aspect of the invention, the controller includes input and 

output signal prbctssing; : The input processing includes means for trimming any DC 
25 bias that might be present thereby adjusting for any DC drift that may result from 

processing of the input signal.v Moreover, at least one, and preferably both, the input 
! and output signal processing may include active gain switching means for switching 

between a first low gain value to a second higher gaiin value, preferably by means of a 

programmable gain amplifier. This provides an adequate strength signal to the control 
30 method and/or the actuator for a large range of transmitted vibration levels. 

Furthermore, one or both of the input and output processing may include means for 

monitoring the signals for system health monitoring. 

The devices according to the invention can include a single electromagnet for 

single direction vibration control.* Alternatively, the device housing can contain two 
35 electromagnets relatively oriented for damping in different directions. Sensors are 

included in the housing for meaisuring movement in each direction. In addition, target 

elements are associated with each electromagnet and may, when separate elements, be 

attached to the table frame at appropriate locations. 
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A table top is subject to various vibrational disturbances that can cause different 
movements of the table top, including simple linear verticahvibratibn, roll movement, 
pitch movement, longitudinal and lateral horizontal movement, and yaw movement. A 
system according to the invention includes an isolation table^ provided with a plurality 
of devices for controlling these different modes of vibratiofn. • • y ^} 

According to one embodiment, a table top is provided! with three damping 
devices for controlling all of the vertical based movements: Jitfiear vertical, pitch, and 
roll vibrations. The devices each include a single electromagnet andl associated target 
permanent magnet. ' , ! I'liv f :! : /a • ^ i- 

One device is positioned at each of the front two legs ofctbe table;^nd one device is 
positioned along the back edge of th6 table top midday bet weeji the bacfc tegs.. The 
devices act independently at the various locations and Iproduce damping forces to 
control the three mentioned vibration movements.ti Thciffiltative s and positioning 
of the active damping units about thetable tcpioptrmizes control f of ces required. 

A three-device sysjtem advantageously p^ovi'de3??;»Hica^vibration control with a 
minimum number of devices. Alternatively, a table can be provided with four damping 
devices, one positioned at each table log, for more robust damping control, i.e„ less 
» control force required for each device. ^ ? vii:. ^//;>:?fVfv t i i ^ .-^y 
0 An isolation table can be provided witf iitwo df;;jce?;iftir control of the two 
horizontal modes pf vibration. The devices are mcwiR/lv^d ^c/die^table top at adjacent 
legs with the target elements mounted to, or kitegrd: vvitlif'(i^ Preferably, 
to position the devices as unobtrusively as possibleilhte devices are positioned at the 
back legs. The devices are appropriately aligned tajp'rodMce a diagonal force vector 
v/hich passes through the Center of Gravity (CGXofithe table. In this way, the 
.longitudinal and lateral movements can be GoiitroHed.fcii>v q j ^ ' 
; Ml , According;to anotherembodiment,tbe .devices' each include vertically. and 
horizontally oriented electromagnets contaified in the single bousing, and an isolation 
, table is configured for control of bojh vertical and.horizontal vibration in all six modes. 
Advantageously, control of all six modes can be achieved with three devices mounted 
to the table, one each at the frqnt legs and a third at the back edge midway between the 
back legs.: Target elements, are positioned; on each of the front.legs and on the support 
rails adjacent the front legS; Additionally, a target elemenl js positioned on the rear 
suppoit rail for vertical control, and a bracket; mounted to the rear. rail extends vertically 
upward to support an additional target element for horizontal control by the rear 
positioned jdevice; . V . . • ; - ' 

Other CQnfigurations .are also possible, for example, using multiple damping 
devices for more robust vibratipo controls In ^addition, if a particular form of vibration 
or movement is a concern, for example,. because of, the equipment carried on the 
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isolation table, the devices can be positioned accordingly. As one example, for a robot 
oriented lengthwise on an isolation table, multiple devices can be mounted to the table 
and oriented for producing horizontal canceling force directed in the longitudinal 
direction. 

5 Another advantage of the system according to the invention is that having all of 

the active components in a single housing permits the simple retrofit of existing 
isolation tables or other structures. In addition, when magnet mountings are used, the 
damping in an isolation table can be easily adjusted, or even adapted temporarily for a 
particular use, by adding devices to the table or changing the position or orientation of 

10 the devices on the table. 
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BRIEF DiESCRIPTION OF THE DRAWINGS 

The invention will become better understood by reference to the following 
description in conjunction with the appended drawings, in which: 

Fig. 1 is a side view of a damping device for single mode damping in 
accordance with the invention mounted to an isolation table; 

Fig. 2a is a schematic diagram of an exemplary feedback control loop for the 
damping devices according to the invention; . . _ 

Fig. 2b is a schematic diagram of another embodiment of feedback control loop 
for the damping devices according to the invention; 

Fig. 2c is a schematic diagram of yet another em.bodiment of feedback control 
loop for the damping devices according to tho in^'ention; 

Fig. 3 is a side view of a dampisig device according to another embodiment 
mounted to an isolation table; 

Fig. 4 is a side view of a damping device mounted to an isolation table on 
which a support bracket is mounted to support a target element; 

Fig. 5 is a side view of a damping device for two mode damping mounted to an 
isolation table; 

Fig. 6 is a perspective view illustrating a system aiccording to the invention 
including an isolation table including damping devices arrenged for vertical damping; 
Fig. 7 is a schematic diagram of the system of Fig. 6; 

Fig. 8 is a schematic diagram of an alternative system for horizontal damping; 
Fig. 9 is a schematic diagram of an alternative system for both vertical and 
horizontal damping; 

Fig. 10 is a schematic diagram of an alternative embodiment of the system of 

Fig. 9; 

Fig. 1 1 is a schematic diagram of a system for increased front to back vibration 
control; 

Fig. 12 is a schematic diagram of a system for increased side to side vibration 
control; 

Fig. 13 is a schematic diagram of an alternate embodiment of the system shown 
in Fig. 7; 

Fig. 14 is a schematic diagram of a system with minimal bracketry; 

Fig. 15a and 1 5b are block diagrams illustrating the components of the device 
and the controller therefor; and 

Fig. 16 and 17 are block diagrams illustrating the components of the input and 
output processing. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 showJsian feolation table 10 including a damping device 20 in accordance 
with a first enribbdiment of the inventiton*.> ;As will become apparent to those skilled in 

5 the-artj the device iccoirding to the invention isolates a second member from vibration 
transmitted fromia first member by producing forces to cancel the vibration in the 
second member. The invention is particularly suited for isolation tables, as is described 
herein; but hasf^application to other apparatuses, for example, engine mounts, rotating 
equipmentf^iand^turbbmachinery, and the description is meant to be illustrative rather 

IC thaftlimitihgj^^^v r'Kor /I i. !^ j; ; )i o : 

f ^ i The isol^itDtt-tlbl^ 10 includes a table top 12 supported by a frame 1 1 having a 
plurality of le'gs^ W(6AWk>ikt leg is shc>wn in Fig. 1). Adjacent legs of the table frame 
41 are preferably; inier(5onridct&l.by'horizontal' rails 18 to provide rigidity to the frame. 
The rail is usuaUyaomitted'^TOi^ the front edge of the table 1 0 to provide room for an 

15 operator's legs to exterid^^uij^P thetableT A spring system 16 is mounted between the 
leg 14 and^the table t^p 12 to isolate Ae table top froni the legs! Typically, the spring 
system 16 is a pnewrft^tic isolator with a low spring stiffness. A problem in undamped 
spring systems is ^ai^i'f^a^^ility^o handle vibration occurring at or near the resonance 
• frequency of thesyj^^ ^^M^eover, they may amplify low frequency vibrations. The 

20 ' present inventi6n;'4sd: a^ralleV with a spring system; will cancel vibration at or 
around the resoriaIil^^^Q}.l^^lC^y•ail^^ . ■ . 

• The damping i5fe^Vicfe^20 id Fig. 1 includes a container 22 mounted to the 
underside of the table top 12, and a target element 24 associated with and mounted to 
the frame 1 1 in proxiiriity to the container and below the electrdnfiagnet 30. The 

25 container 22 and tairget eldWerit 24)are thus easily installed and are positioned 

conveniently out= of direct View and <)utf of the way of an operator using the table. The 
' container 22 houses the active t'omponents of the device, including a force-generating 
electromagnet 30, as ar self-cdntaihed unitr The container 22 is a rigid box that provides 
an interior space to house the active^ components, described below. The container can 

30 be formed as an aluminum casting; as a folded or stamped sheet metal box, or other 
suitable structure. . i r c; • 

> The active components of the damper device unit 20 include an electromagnet 
30, a motion sensor 32, and a controller 34. The electromagnet 30 includes a pole 
piece 27 and a coil 23 and is of the type manufactured by Magnetic Products, Inc. of 

35 Highland Michigan. Specificisilly,^ model RE- 12 1 2 1 rated at maximum pull load of 35 
Ibf ( 1 56.8 N) was found ib ber particularly effective in- the device 20. The motion 
sensor 32 senses movement of-the table top 1 2 and sends an input signal representative 
of the motion to thei controller 34. Preferably^ the inotiori sensor is an accelerometer 
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manufactured by Oceana Sensors Technologies, Inc. of Virginia Beach, VA. Model 
number A8000-01 with 1 Volt/g sensitivity was found to be particularly effective. The 
controller processes the input signal, and generates and sends a. control signal to the 
electromagnet 30 to produce a magnetic.force. A pov/er cord 36 provides electric 

5 power to the active components in the, container 22. It should be understood that the 
arrangement of the components .within the container is exemplary and.the locations 
thereof may vary. * ; • ; v . ^ 

The container 22 can be mounted to the table top »12 by rany, suitable means, 
including, for example, mechanical fasteners (screv/s, b.olts,,Gr rivets), adhesives, and 

10 double-sided tapes. When the table top 12 is made of a ferrous metal, it is particularly 
convenient to mount the container 12 with.one or more jjioundng. magnets 26, which 
permit both instant mounting without preparatiori of Ih^ taHle, and theiability to easily 
remove or change the position of die container 22^1^ necess^xy.^cFig. 1 illustrates the 
mounting magnets 26 outside the container iltZ; ^ov^eye r^ ij.is .aJso.poss^^^ to position 

15 the magnets 26 inside the container for a cbar e.; aipef/ftc^ce. : . , ^ , ^ 

The container 22 is mounted to the table top 12 vvitht a gap 28 tztween the 
. electromagnet 30 and the target element 24 which. ir &h case is mounted to the rail 18. 
As seen in Fig. I, the electromagnet 30 is positioned j*^ -^T^oriition to the target element 
24 across the gap 28. , The force produced by *hc rle-^tr r.gnet 30. acts on the target 

20 element 24 to counteract the disturbance rrioyovz^*^ ^r d by the sensor 32, and thus 
cancel vibration in the table top:12. The width of:.^il ^ . , ^» should be as small as 
possible without the container 22 and target elemanV?/. pming into contact for 
optimum force effectiveness. / , w ( ; r . 

» The vibration disturbance's transmitted from the floor to the table top 12 are 

25 typically on the order of 0.2 to 20 microns (O..OOQQ08,to, 0.0^ inch) for isolation 
tables. Due to pneumatic table resonances; unacceptabl y high^yibrationJevels are 
transmitted to the table top 12. However, small movements of .the table top require 
only a low force produced by the electromagnet for vibration damping.? A force in the 
. range of 0.5 to 1 .0 Ibf has been found to be effective when the devices are.used with the 

30 Mode! YH, VW, and LW isolation tables manufactured by Newport Corporation, for 
example. In a system integrated with tables of this type, the gap 28 is preferably 
between about 0.05 inches (1.27 rnni) and 0.45 inches (1 1.4 mm), and a gap of about 
0.125 inches (3.18 mm) has been found to be quite effective and allows some sway 
space to avoid hard contact between the active damping units and the frame 1 L 

25 Preferably, the gap 28 is made as small as practicable whilst still accommodating static 
motions due to loss or shut off of pneumatic pressure to the air springs and/or transient 
loads applied to the table top 12. The actuator 30 may protrude through the container 
22 slightly, as shown in Fig. 4, in an effort to niinimize the gap 28 between the actuator 
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and target element 24, Moreover, the table top 12 may be raised or lowered using its 
adjusting scre\ys to set the appropriate gap 28. ; 

According, to.a preferred embodiment of the invention, the sensor 32 is a 
piezoelectric accelerometer to sense acceleration of the table top 12. Alternatively, 
other motion sensing devices could be^/^usedr for example; a geophone, velocimeter, or 

. other sensing device.fThe particular sensor selected will effect and require adjustments 
to the control algorithm, as will be understood by those skilled in the art. 

. , . For exapiple,tas411wstrated in Fig< 2a,and 2g^; a feedback control method based 
on the acceler^^iop^and jVelocity may be used. The acceleration (e.g. vertical) of the 
table top 12 i§ sen^dJ^yv Uje sensor- 32 and an input signal representing acceleration in 

, line 33 jis ^ransmitte4*toj|(j^jpoiU^ 34. .Within the controller, the input signal is 

, kirnplified and conditigi^f^^^^ as >yUl ie described in more detail later herein. 

This highly, amplifi^tl fmd^o^^^ is provided to an integrator 35 where an 

integratipn is-perf^rme^ tp pbtajn^a signal representative of velocity of the table. The 
representative velocity signal in line 41 and the representative acceleration signal in 
line 45^u-e-then again s^^^d (amplified or attenuated) in first and second gain blocks 

[ 3'i(, 38 to produce ^gai^T^i^fted and relatively weighted representative acceleration and 
veloqity signals jin J|fKj^ ^^nd 44,/especti vely. The gains 37, 38 are selected based 
upon experience :With( -i|ff§.^ff^n^^ hard coded into the micro- 

(^trpllei;; ...r ;...v.f^4a^^^ 

J A^sun^ln;^tio^^pfiJ5b^,g^ signals 43, 44 is performed at summing 

junction 39. Following the summation, the summed signal is. again amplified and 
conditioned in block 2gb> ,tfe3r5ljy piroducing a control signal 40 which is provided to the 
elqctrpniagnet actuator 30* The. electrpmagnet 30 produces a control force F tp cancel 
the movenrient of thp jtayPjtpp 12.r Pprnbined acceleration and velocity contrpj provides 
better high-frequency. yjibratipn controlthan velocity feedback alone (described with 
reference to Fig.j2jCj),and<^^^ A 

The Fi^. 2bf6mbpdiin^ fron) the Fig. 2a in that an additional 

compensator s ! is,prpvided. ,The>compjensatpr 3 ri a low frequency lead compensator 
which causes a-phase lea/d at low jfreqjuen^ies.; More specifically, the compensator 
provides a maximum of 15 degrees phase lead centered at 0.5 Hz, This compensator 
. 31 improves performance of the device ^0 by compensating for the phase lag caused by 
the sensor 32 and input signal conditioniiig and; amplification 29a. As shown, the block 
diagram of Fig. 2a depicts: vertical vibration control. Howeyer, it should be understood 
that the present invention and the control described herein are equally useful for 
controlling horizontal vibrations of the table 12> Moreover, when used in multiples, 
multiple modes may be controlled, as described Jater herein., Thp device 20 according 
to the invention is controlled for providing damping at' the resonance frequency of the 
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table system 10, which is typically between about 1 to 4 Hz. Preferably, the device 20 
acts at frequencies between about the 0.2 to 10 Hz range. The aforementioned control 
method used is very stable, siich that any transient loads applied to the table top 12 will 
be effectively damped. i / . 

5 A simpler control method is- shown in Fig. 2c. In this method, the acceleration 

of the table top 12 is sensed by the accelerometer sensor 32: - This signal representative 
of acceleration in line 33 is amplified and conditioned iii block 29a and then integrated 
in integrator block 35 to produce a signal representati vb'of velocity of the table top 12 
in line 41. This signal in line 41 is appropriately amplified or attenuated in gain block 

10 38. Again the gain value is determined based upon knowledge of,' and experience with, 
the system. The gain multiplied signal 44 is then amjiliiied arid ebhditione^^ in 
block 29b and then passed on as'a control signar40 lL. iH-5 6fect^^ actuator 30. 

Velocity feedback provides for good control of the rbabriiahces of the table top: 
Notably, if a velocimeter or geophone is'useid as the sen??or, the'integrator 35 would be 

15 deleted. " ' ■• ' -'^""^ u\o\:::n^ n-i. ■ s 

The damping device 20 in Fig: I h arranged -c provide a vertically directed 
damping forces that is, the electromagnet 30 is orieifi'u ^^alt across ihc vertically- 
aligned gap 28 between the container 22 and the iarg, W :iH!;erit^24. The-device 20 may 
be positioned for damping horizontaily directed Viu.ati^./o/siiTiplj^^^ the 

20 target element 24 on a vertical surface so that a horizojitaily-aligned gap is-provided, 

and orienting the container 22 so that the e£ic:-jroik)kgnwi 30 is in opposition to the target 
element 24 across the gap 28. - - ^' f ' • ^ 

In addition; according to a preferred eniboSi.nen^ the 'target element 24 is a 
permanent magnet, which provides a continuous bias' to the eiectromagnet 30. The bias 

25 permits operation of the electromagnet 30 for generatiag both pushing and pulling 

forces relative to the table frame 18, which facilitates canceling vibration movements. 
An additional advantage of a permanent magnet as the target element 24 is ability to 
instantly attach it to'the table frame 1 1 wheri the fraiTie is formed of a ferrous metal. 

Alternatively, the target element 24 could be a maighetically sensitive mass, that 

30 is, a mass that the electromagnet force will attract or it could be a ferrous leg, rail or * 
other portion of the frame 1 1 . In such an embodiment, a bias can be applied to the 
electromagnet by supplying a DC input. Of course; this is less desirable than using a 
permanent magnet because of the higher power requirements. 

Fig. 3 illustrates an alternative embodiment in which a disc-shaped permanent 

35 magnet 25 is disposed in the electromagnet 3 1 to provide the bias. The target element 
24 is a magnetically permeable pole piece that can magnetically react with the magnet 
and electromagnet force fields; Alternatively, if the rail 18 is formed of a material 
having sufficiently high magnetic permeability, the target element 24 can be 
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eliminated/and the rail 1 8 can act as the target element. This alternative provides the 
advantage that aH of 'the components of the device^are contained in the container 22, 
which furthersimpfifieS installation. ^ - 

Fig. 4 illustrates^a feature of the- invention for isolation tables not having 

5 horizontal rail^y, or where! the horizontal ' rail is not sufficiently close to the table top 1 2 
to be suitable forlioflding the target dement 24:- A bracket 42 is mounted to the leg 14 
of the frame M to^suppprt the target element 24 in proximity to the table top 1 2. The 
bracket 42 provides a Satface on which the target element 24 is mounted. Preferably, 
the bracket 40 ii moimted by mounting magnets 26, similar to those used for mounting 

10 ' the container, .whrcteal&aws^forease of positioning and installation of the bracket. Fig. 
4 also'illiistrates another aUemiative for the target element 24, that is, a target element 
;vcon&rsting of both a'p^irm^nefiTr.Ttagnet 25 mounted on a pole piece 27. The 
dbmbiriation of aipi^iaiief^tritagiiet^ith- 1^ piece increases the effective area on 
which the etectroma^? fifH{lTcaWj?ict. * 

15 1 Fig. 5 iHustrat^:^fta3giinfeo(iiment o the device 20a adapted for damping 

vibrations in fboth flieivbitfcal- and horizontal directions. The container 22 includes two 
sensors 32V,32H: a first 32V oriented for sensing vertically directed vibration, and a 
• • second 32H ofient)etif4)|< rinsing horiz directed vibrktion (arrows shown indicate 
sensing dilfeCtiDri)Jb^^f^l6Ct^romagnets^30V, 30H are provided: a first 30V positioned 

20 t6'pr(!>duce>a v^ical Sio^^^paildJthe second 30H positioned for producing a horizontal 
force. Acfccordin^Jy; £Vv>^ ' " eleifrients 24H, 24L are mounted to the frame 1 1 , one on 
the table leg 14 to if>febi!e?^flh the horizontal force electromagnet 3GH, and the second 
oh the rail<rl8 to inter^P Wiih the Vertical force electromagnet 30V. The single 
'Controller 34 is adaptedud receive the ifiput signals from the sensors 32V, 32H and to 

25^ s ^ ' produce controKsi^n&lgfbrthe two electromagnets 30V, 30H. Control for the 

individual directions isi accdtnplikhed via the control method described with reference 
to Fig. 2a. 

Fig. 6 illustfates in per^p6tfive vievv an isolation table 10 including a reference 
^ coordinate frkrne to illustrate th^ types of vibration mbvenients that could be 

30 experienced by the table top 12.> ' Disturbances transmitted'to the table tbp 12 can result 
in simple vertical vibrati6n alotxg the Z axis, that is, simple up and down motion. If the 
Vertical disturbance is unequal ihlamplitude or in time across the table top 12, rocking 
motions may ocdur; fdp example, a pitch movement in the YZ plane, a roll movement 
in the XZ, or a motion cbmbiniri'g pitch and roll. 

35 In addi tion, a disturbances could result in vibration of the table top .1 2 in the 

horizontal or XY plane; including siihple linear mdvemeht on the X or the Y axis, or a 
yaw movement in the XY plahet Various ways to mount the devices 20, 20a according 
to the system of the invention t6 cancel these disturbances aie described below. 
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The most common are the vertical movements, the simple linear vertical and the 
pitch and roll vibrations. Tibe system shown in Figs. 6 and 7 is airanged to cancel any 
of these three vertically directed vibrations. For example. Fig. 7 shows a bottom view 
of the table 10. The table 10 includes three mutually-spaced, vcirtically-acting active 
damping unit devices 20 as described in Figs. 1 , 3 or 4; Qne device 20 is mounted to 
the table top 12 adjacent to each of the two front legs 14a,. i 4b:. An accompanying 
target element (not shown), preferably a permanent magnet, is mounted to, or integral 
with, the side rails (not shown) in proximity to each of the damping devices 20, as 
described in connection with Figs. 1 , 3 or 4. A third damping device 20 is positioned 
midway between the two rear legs 14c, 14d with a, targe: element mounted adjacent on, 
or integral with, the rear rail (also not shown). The :d.^v;cesj20 act independently, that 
is, the controllers of the respective devices are nc: Gonrected for coordinated action, 
and thus, each device 20 acts to cancel: vibration *h.?/ 'ri$i;S2n3f*diat its individual 
mounting location. The power cable 36 shrw i rf.r c Hg.vZ is nrri in the manner shown 
to keep wiring from the power supply located o:v^ ^eif**^: the ta^^ to a minimum. 
This reduces the propensity for vibration to be impact to the table 12 through 
multiple electrical cords. - . j i ^: rn 

Again referring to Fig. 7, it can be understo.3Aty : tk) three devices 20 will act 
to cari:cel Mnear vertical vibration (Z axis r. .'.o^^crncnt :: a;.:* pu! of th^* paper). Fitch 
movement in the YZ plane is handled by currjubtfve^r^^^-^ri Qf the front damping 
devices 20 and the rear damping device 20 nciinr it^i ^ *:>site front and rear edges of 
the table top. Roll movement in the XZ plane is .ia..:4v ,:ec' by cumulative action of the 
damping devices 20 at the opposite sides cf th?. table at the front legs 14a and !4b. The 
illustrated arrangement requires a minimal number of damping devices to cancel 
vibration of three degrees of freedom. Of course,' additional damping devices could be 
installed if more robust dampingjs reqtsired, for- example, one damping device could be 
positioned at each leg. 

Fig. 8 illustrates an arrangement usefa! for damping only the horizontal 
vibration disturbances, the X axis and Y axis linear vibrations. The damping devices 
20 are positioned adjacent to each of the rear legs 14c, 14d, and are oriented for 
providing a horizontal force directed against the respective leg. The damping devices 
are also oriented diagonally with respect to the axes, which allows the damping devices 
to act with a force vector through the center of gravity CG without creating a torque 
about the Z axis. The associated target elements (not shown) are mounted on, or 
integral with, the. legs. Alternatively, additional devices could be mounted to the table 
top for increased damping or for controlling yaw motions. 

According to another aspect of the invention, an isolation table 10 can be 
provided with damping devices 20a for damping in both the horizontal and vertical 
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directions, and thus act to cancel all six modes of vibration movement in the table top. 
Fig. 9, for example, illustrates an embodiment using a minimum number of damping 
devices 20a to achieve damping of all six modes. The damping devices 20a each 
include two electromagnets mountedin the container 22 as described in connection 
with Fig. 5i: The damping devices 20a'^fe placed adjacent to the front legs 14a and 14b 
and preferably midway between the rear legs 14c and 14d. Two target elements 24 are 
associated with ^h? damping device 20a.? At the front side, the target elements are 
positioned on, or intejgral'withi the tail^ <not shown) for vertical damping and on the 
degs;l4a, 14b for hdrizontaFdaimping along the X axis. The rear damping device 20a is 
mounted to th^ tabfe tc^ J2^ith a first associated target element installed on, or 

ir integral with,'theipa* mi <not shown). A bracket 40 is mounted to the rail (not shown) 
i and extendsi^^ivpu^^fird to^su^porr a secbnd target element 24 for horizonta] damping along 

tthe Y axis:''it^':!-n'"^:^ ^f: :;obi;iu^»-n^'«:) :rr.^ -r - ^ 

1 ' ' i ^ V The arrahg4Sjrmait^ft? -Big^s 9 ^elieS on the two devices 20a at the front to cancel 
horizontal: vibratk)li^^*T^li5^^^ax a single damping device 20a at the rear of the 
table ta cancel horiz^ft. ) Vibration along the X a^^ Fig. 10 illustrates an arrangement 
in which two damping devices 20a are positioned at the rear legs 14c, 14d for improved 
dampingtalGHig tJfe y^?s^k;^Eik:ewise, the front damping'devices 20a are oriented for 
•dampmg 'along th^\^cL:^4<^*54i included on, or integral 

with;cthe legs 14ai,ri4a^ -itriiioh&l target elements instlalled on, or integral with, the 
rear and side frsaiii^ pM^r^fr^.? shbwri) act with the front rear damping devices 20a to 
cancel* vertical yibratibfl'aibrig^he Z axis. Thus, in the arrangement shown in Fig. 10, 
' the two damping devii^e^ Sda^t the front of the table act to cancel vertical and Y axis 
- horizontal vibrationv iind^'thfe two dariipirtg devices at the rear of the table act on vertical 
and X axis vibrdtiohsj'^Thtf Cumulative action of the damping devices 20a acts on the 
pitch, roH and yavCt^movfeiiTi^tsi'^^ as well as vibrations along the 

■X;>Y and Z -axes/* ^- ^^^j- ^^-^^"^ • ' ■ ^-Ui 

^ Figs. 1 Uand 12 illuistrate-a^angeihgnts that are useful where a pairticular form 
of horizontal vibraticta k of confcem.- Fig; 1 1 showis an arrangement for strong damping 
along the Y axis. The damping dbvices 20 are positioned so that the horizontally- 
oriented electromagnets act along the Y axis. This arrangementis useful for devices, 
such as robots, that are supported on the table top 12 across the width, and which 
accordingly produce strong vibrations along the Y axis. 

Fig. 12 shows an arrangement useful for excess X axis vibration, for example, 
for a robot or similar apparatus supported across the length of the table top 12. The 
damping devices 20 are accordingly positioned so that the horizdntally-oriented 
electromagnets act along the X axis. In the arriangements shown iii Figs. 1 1 and 12, the 
damping devices 20 can also be equipped for both horizontal and vertical damping 



wo 00/20775 



PCT/US99/23063 



using the device illustrated in Fig. 5. ^ ^ , , - 

Fig. 13 and 14 sho\\(? several otheff arrangements useful for multi-mode 
vibration control. In Fig. 13, the units 2Q,i20a may be horizontally acting alone or 
multi-axis devices as shown in Fig. 5. This Fig. 13 embodiment is an alternate 
embodiment to that shown in Fig. 7. ^Fhe arrangement in; Fig. 13 can damp vibration 
along the X and Y axes as well as yaw about the Z axis.. If the units are of the type 
described in Fig. 5, then vertical motion along the Z axis, pitch motion in the YZ plane 
and roll motion in the XZ plane may. also be controlled: , Jhis arrangement is ^ 
particularly well suited for controlling Y axis vibrations.: Notably, when the system 
does not include vertical damping,, the. units preferably act(?ir'^ctly upon the legs 14a, 
14b and 14<: of the table 10, i.e. , thej target elcine^t is Ih? respective leg. Alternatively, 
similar target elements as shown in Figs. 1, 3, or j4 ^iiey.!:- rriounted to the legs. Fig. 14 
illustrates a system with a slightly different configuration as compared to Fig. B. In 
general, the system of Fig. 14 can damp X^;Y,^^. .pitch, rc r and yaw motions, if the 
units 20a as shown in Fig. 5 are utilized. If units ;20a:"- ^ ; tiii^ this embodiment 
eliminates the brackets required for the en:;bodimer:t of < This system is generally 
most effective at damping X axis vibration. ; ^^>:^iiiro^L 

Figs.vl5a-17 illustrate details, of the dampirg.'^?/ 'r; : 2Cv focusing on the 
electronic hardware aspects. The sensor.32, pref?^:^;^ "^.ii. acc 
above, provides a signal representative of the acr / iThe current source 2 1 

provides the current to operate sensor 32 therreby ■ : ^ . j *!i?^.inpiit signal to the input 
conditioning and amplifying block 29a. The inp:n ccnlirnr'.rg and smplifying block 
29a includes a signal condidoner 46 and may. also include an optional Programmable 
Gain Amplifier 52a. The signal conditioner 46.;, as b^t showr. in Fig. 16, includes a 
,gain and filtering block 48 which includes a hsghi'^^ss; filter, ? -low pass filter, a 
J capacitor (about 10 microfarad) and operationaLa;..'^lifier. :EffQCtively, the gain and 
filtering block 48 provides an output signal which has been multiplied by a gain, most 
preferably a gain of five (5), and having signals outside of thei; desired operational range 
removed. In the case of the isolation table,,it is desired to remove signals outside the 
range of betv/een about 0.04 Hz and 90Hz. This filtered and amplified signal is then 
provided to a gain block 50 which further.multiplies the signal by an additional gain 
yalue. Preferably, for the isolation table,, the additional gain value is set to about fifty 
(50). 

The output of gain block 50 is preferably provided to means for actively 
switching bet>yeen a first and second gain value. In this case, the active switching 
means is comprised of an optional Programmable Gain Amplifier (PGA) 52 which is 
actively switchable between gains of a low and a high value. By way of example, and 
not to be considered limiting, the low value is preferably about 3.52 and the high value 
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is preferably between about 30-60, but may be as high as -250. The gain value selected 
is dependent upon the, magnitude of>the incoming sdgnal to the input A/D 58a as a 
function of its, totaJi dynamic range, yi^eferablyv the input D/A is integral within the 
micro-controller 54jandi samples the; signal provided from the optional input PGA 52a 
at about lOOQ Hz, -feis desirable to utili;2jejtbe Programmable Gain Amplifier (PGA) 52 
in cases where; the imagnitude of the signal present is unknown or changeable through 

, broad ranges^ Jf jthe av^e^age power of the .signal is above a threshold, then the gain is 
set to theffirst.setting/i>vjbfSfrea$^ if the average ;povver is below the threshold, then the 

c garin is set tp>,a;sec0O(4&igher value: This ensures that a signal of appropriate signal 
strength is prQvidieditojfee-micro-controller 54.^, A similar PGA is preferably provided 
on .t,hje oqtput psoqessing pfortion of the device e20 as has been described for the input 
processing po0:ion)andJ^t§"V^tch^.according>to the similar, but opposite, logic and at 
the same tiijfte. iL-^^nifipi^ gained up the signal, then output PGA 52b 

will gain itibaQk 4ewi>ibfig>)r^erai)fyAe same amount. Notably, if the PGA is not used, 
then the gain value ^ig, j9Cki5@»would need to be set higher, say about'176, such 
that a total systewiisipjlff. >f about 880 is achieved. Such high gains, of 750 or 
greater, are de;$ired/QraS«i: jing good system performance when subjected to base 

. jd4stur]bjancesi0£Mtwif^^ieb< 12-10 microns and when using a 8-bit microcontroller. 

V : : r j Aceordin^iMI^' ^'t^o^speet oCffee invention, means' for adjusting the DC bias 
of the input, signal) is Jedi^. Asishown in Fig. 16, the micro-controller 54 monitors 
the nominal DCieA^^.^ Asi8ignal . provided at the input D/A 58a and outputs a value to 
the Aotiye Trim Djgitali^erO:>Ai^^ which resultantly provides a 

DC voltage which either adds ^or, subtracts from the DC voltage outputted from the gain 
and filtering block 48 at; the junction 64.;This active trim function maintains the 

, iQcorning signaliyoltageia^ a aominal value, for example at about 2.5 volts.-. This 
maijtt^ja* theiI)G.yoltage;c«itered withi the voltage range thereby^ allowing maximum 
uset of thie^ dynamic mngei v i.-^^^^^ : w = ; / o?*^ 

< .1 The jnput andiOutpuCprocessing}portionsmay also include monitoring means 
useful for d^qcting failures of .thesensori32.and/or actuator 30 within the device 20. 

i The input monitoring means comprises extracting the signal at junction 67 i ' 
representative of theraw accelerometer signal. The signal is provided via line 68a to 
the monitoring A/D 70ajin themicrOTController 54. . The signal is then tested to 
determine if it falls wi^thin a>preset ranga ! If it does, it is indicative of a properly 
operatingsensor32.r:i ()^:::u^>i ^ r*. . - ^ > -y-. 

Within the micro-controller 54, .which is preferiablyra.Motorola i 
68HG7Q5P6ACDW, a controliipethodis executed; such as any of the methods 
described with reference, to Figs. 2ar2c. . An output signal is provided from the control 
D/A 58b to the optional oul|nit PGA '52b at a sample frequency of about 200Hz. The 
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controller preferably includes multi-rate sampling as described in co-pending 
application US Serial Number 09/053,478 to Hamo et al. entitled "Dynamic System 
Controller" which is hereby incorporated by reference hereinUThe signal from the 
PGA 52b is then provided to a bridge amplifier 56 which includes multiple power amps 

5. 60a, 60b positioned on eidier side of the electromagnet 30 and a current control block 
62 for providing feedback control to ensure that the control sigiiako the amps 60a, 60b 
is in actuality what is being commanded. The control signal from the PGA 52b drives 
power amp 60a directly: Contrarily, by v/ay of resistive inverter 63 which inverts the 
control signal, power amp 60b is driven in the opposite direction thereby creating an 

10 alternating current scenario across the v/indings of Ihe e>.G.:romagnet actuator 30. 

Preferably, feedback means are utilized to measure the current suppliedi through the 
power amps 60a, 60b and then feedbat k a signal v/hkh ai'ditive with tiie control 
signal to appropriately adjust same: Feedback' ssg;.uc- pfopcrtibrtal io the current 
supplied to each power amp 60a; 6Cb are fed tc " ::c control block 62 vsa^ 

15 feedback lines 6 1 a, 6 1 b. Tliesc signals are^ u ie?- r " ^ y .\ r^i %o produce- an' output at line 
68b. This output is provided at juncnion 69 and v \ /iCc .C f Vti the cohtro3 sigrial 
thereat. Tiiis constantly corrects the civrrent i thro . il-e debiroinagnet such that it is 
approximately equal to the controlled (comrnandf ^| c :v^ 7 e signai iv. 68b is also 
provided to the A/D converter 70b vvithi i the KJic:c4 : 54 to provide the means 

20 for monitoring the cymrent to the electrornagnev 3C . 1. ^/ : - voltage value present is 
within a predetermined tolerance of the confxc ' sigiiid' Jur n.lisiided, then the - 
electFomagnet 30 and bridge power amplifier 56 a:c opeial3ng property. If the signal is 
unchanging., then it is indicative of a short or other VircLit dysfunction. - 

In Fig. 15b, the operations taking place vv^tliiirs die 5Tiici*o-controller 54 are 

25 illustrated. The filtered and amplified input srgna! ia provided from the PGA 52a to the 
input A/D 58a v/hich converts the analog signal to digital fonii at the sample rate 
aforementioned. A decimation filter 72 is provided which is a low pass filter, 
preferably first order, having a break; frequency of less than 90Hz, and more preferably 
about 40Hz: An additional high pass filter .74 having a break fiequency of about 0.125 

30 Hz is provided for further rejecting low frequency noise. The signal is tlien down 
sampled in dovv^n sampling block 73 at 200 Hz by sampling approximately every 5^ 
sample exiting from the decimation filter 72. The output of the down sampling block 
73 is then integrated in integrator 35 in, a first path and multiplied by a first Gain 1 in 
block 38. Similarly, the a second path is provided where the down sampled signal is 

35 multiplied by a second Gain.2 in»block'37. The signal in the first and second paths are 
then summed at summing junction 39 and then provided to the control D/A 58b for 
transmittal to the actuator 30. It should be noted that the amplify and condition block 
29a in Figs. 2a-2c comprises the signal conditioning block 46, the PGA 52a, the A/D 
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58a, decimation filter 72, HP filter 74 and down sampling 73. Likewise, the Amplify 
and condition block 29b comprises the control D/A 58b, the output PGA 52b and the 
bridge power amp 56. The bridge power amp 56 includes the power amps 60a, 60b and 
cun-ent control 62a:>rr v s-f: 

5 The invention has been described in terms of preferred principles and structure; 

however; ithQparticular examples given are meant to be illustrative and not limiting. 
Substitutions and equivalents as will occur to those skilled in the art are included within 
the scope of theiavention as.defmed by the following claims. For example, the 
number and arriangenaeaafcof the units may be changes to effectively damp the dominant 

10;; motio3isiin?th€tsystefn.nIn addition, although described v/ith reference to an isolation 
table, the invention can be used for any structure for isolating one member from 
anOthci?, such ;as in engine op^ochinetmounts structures. 
•X «- -^^ 7 • ' |.;br, •ii^'^nvriW t- ^'^'j^^o^i^ ^ ; i^o i 
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Claims 

What is claimed is: 

1 . An isolation device for isolating vibration between a first member and a 
5 second member, comprising: . i . ? 

a target element sensitive to a magnetic field associated vi'ith a first member, 
and . . . • ; y-. • - - . • r.u-:'\\^y': . . 

a container attachable to a second member, said container housing: > ^ 
an electromagnet including a pole piece and a ceil- - . ^ » 
10 a sensor for produicing an input sigrjal representative of movement of the 

second member; and ^ ^ ^ Z o : ^ « m : " / : 

a controller for receiving and processing iaid input signal to derive a 
control signal to energize said coil to produce a magnetic field in said pole piece to act 
on said target element thereby controlling vibration of the second member. 
15 2. The isolation device of claim 1 , wherein the Larger element is a permanent 

magnet mounted on said first member, 

3. The isolation device of claim 1, wherein the target element is formed of a 
magnetically responsive material. 

4. The isolation device of claim 3, v/hereirs £he dectsomagnet includes a 
20 permanent magnet to provide a bias. 

5. The isolation device of claim 1, wherein the sensor is an accelerometer 
producing said input signal which is representative of acceleration of said second 
member. 

6. The isolation device of claim 5, wherein said acceleration signal is integrated 
25 to produce a signal representative of velocity which is then fed back to provide said 

control signal. 

7. The isolation device of claim 5, wherein said acceleration signal is integrated 
to produce a signal representative of velocity, said signal representative of acceleration 
and said signal representative of velocity signal are then multiplied by first and second 

30 gains, respectively, to produce a gain-adjusted acceleration signal and a gain-adjusted 
velocity signal, and then said gain-adjusted acceleration and velocity signals are 
summed to provide said control signal. 

8. The isolation device of claim 1, further comprising an additional target 
element associated with the first member, and wherein the container further houses an 

35 additional electromagnet and an additional sensor connected to the controller, wherein 
the electromagnet and additional electromagnet are oriented to generate force on 
different axes. 

9. The isolation device of claim 1, further comprising a plurality of magnets to 
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attach the container. to the -second member. 

10. The isolation device of etaim 1 whereirtisaid sensor is a velocimeter or 
geophone and provides a signial representative of velocity. 

1 1 . The isolation-device of claim 1/ further comprising feedback means for 
5 actively trimming a?direct current bias froni said input signal. 

;.'( V 12.: Theasolation:device of claim; l^^further comprising means for monitoring at 
least one oftsiaid iripuf signal and said control signal to determine system health. 

13. The isolation device of claim 1- further comprising active means for 
; ^^witching:an'inpulgain!between a first low level and a second higher value in response 
10 «to d changeable magnitude input, r ! . > ; : n : • 

iv:;:/- I; f 14; The isolation^ device of claim 13, further comprising active means for 
; switching v-n outputrgslRtoeiwjsen a^firstt low level and a second higher value. 
• : : 7 ■ 1 5.^ Thedsolati)CinTievicerx)f claim 1 , farther comprising a bridge power 
: i; amplifieir driving^said electronriagnet. f V ' 
IS 16. An isolation table indhidihg the isolation device of claim 1, further 

r ! ...i -comprisihg^ '-'v -r'-ric V:- -i • "'iSi .i-:/ 

J ,a table having an active unit secured underneath, said active unit including said 
i ; f housing containing said eilectromagnetf said sensor, and said controller, 

; ; ' vri ! ai framfe irichidiKf /Plurality of low^stiffness isolators supporting the table 
20 ' relative to the fraitie;i^arfin' rget element being associated with said frame, 

1 % . V 1 said acti^ie aiii^iitrisagipositioned in proximity to said target element and with a 
r::: gaptherebetwefeno;'V; K ;a::':i^'{H ^- ' ■■'<^y • • 

17. An actively controlled isolation table, coriiprising: 
j I ^^•'vT *;•Qa table; .'^ i inh\z \l- ^^u'^-j tm. * i y • i: . 
25 ' i. ^ ; : v a frame; including^aj^lurdlity of low*stiffness isolators supporting the'^^^ 
. relative: to the- frame^;^-:^i ir; ^rj c;i \hf .i/r-v, ir; - '-'o- . n i ; «^ r v . 

riMTa' target dement responsiveMo ia magnetic field associated with the frame; 
an active unit attached to the table in proximity to the target elemeiit-and with a 
gap therebetween; ther^ti ve uftit including a housing containing: 
30 ! : T ' ■ ^ an. electromagnet^ includin]^ a coil to generate aJmaghfetic field and a pole 
piece for directing the magnetic fields the electromagnet positioned in opposition to the 
target element across the gap;;: nr: : ^ r :> \ - : . - 

' i a sensor for 'producing^^an input signal representative of a vibration in the 

table,and .^^ ■ . -r . 

35 a controller for pf ocessing the input signal to produce a control signal 

which energizes the coil to generate a magnetic field; - ■ - - 

wherein, the magnetic field is directed by the pole piece to act against the target 
element to cancel the vibration in the'tabte. : v - . 



wo 00/20775 



19 



PCT/US99/23063 



18. The actively controlled isolation table of claim 17, further comprising a 
bracket mounted to the frame to support the target element; 

19. The actively controlled isolation table of claim 17, wherein the target 
element is a permanent magnet mounted bn the frame:^ . . 

5 20. The actively controlled isolation table of claim 17, wherein the target 

element is a pole piece, and the electromagnet includes a^ permanent magnet. 

21. The actively controlled isolation table of claim 17, wherein the housing is 
attached to the table with permanent magnets. ^ - ' ' ' 

22. The actively controlled isolation table of claim 1 7-;' wherein the target 
10 element is a first target element and the active imit is a-first active unit, and further 

comprising a second target elenientfassociated with-tho f/a'nrie and second active unit 
atMched to the table in proximity to the second Target bment; and a tliird target 
element associated with the frame and third'active iinit actfehed^^^^ the table in 
proximity to the third target element, whereiii the fiiat- second, and third active units 
15 are positioned in a mutually spaced relationshf p. r ' V^^ 

23. The actively controlled isolation table of claim 22, wherein the frame has 
four legs, and wherein the first active unit is Ettachcd rx. the^ iLhie adjacent a first leg, 
the second active unit is attached to the table adj^ce^f jr;:icpiid leg, and the third active 
unit is attached to the table adjacent a table tdga b — ^ :i , iJiiird and fourth leg. 

20 . .24. The actively controlled isolation tabJe -^DrJaim 22, wherein t has 

four legs, and wherein the first active unir. is attach . J^t- l^b'e adjacent a first leg, 
the second active unit is attached to the table adjacent a secoiiid leg, and the Lhird active 
unit is attached to the table adjacent a third leg. : • v.. ' c 

25. The actively controlled isolation table of claim 17, further comprising at 

25 least one additional target element associated >withithe frame and at least one additional 
active unit attached to the table in proximity to the at least one additional taiget 
- element, wherein the active unit and at least one additional active unit are mutually 

. [Spaced: ' . ■ - 5' f ■ K;''.. I.,'- :> N ' • ■ 

26. The actively controlled isolation table of claim 17, further comprising an 
30 . additional target element associated with the frame, and wherein the active unit further 

contains an additional electromagnet and an additional sensor, wherein the target 
element and electromagnet are disposed in vertical alignment to cancel vertically 
. directed vibration and the additional target element and additional electromagnet are 
disposed in horizontal alignment to cancel horizontally directed vibration. 
35 27.. The actively controlled isolation table of claim 26, further comprising at 

least one additional active unit having target elements as claimed in claim 26, wherein 
a first active unit and target elements are disposed at a first leg of the frame, and a 
second active unit and target elements are disposed at a second leg of the frame. 
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28. An actively controlled isolation table, comprising: 
a table; 

a frame, including four legs, each having a low-stiffness isolators supporting the 
table relative to the frame; 
5 a plurality of first and a second target elements, each target element responsive 

to a magnetic fields the first target elements oriented relative to horizontal surfaces of 
the frame and the second target elements being oriented relative vertical surfaces of the 

frame; .-^^ 

a plurSily of m5tio^^^^ each unit comprising a housing rigidly 

10 attached to the t^fole in proximity to the t^get elements and with a vertical gap and 
horizontal gap therel?et)^eep,|each h 

i - J a first jand a seicond ele<?tromagnet, each including a coil to 

generate ei mignc^f^ fi^liSi^ a pole piece for directing jthe magnetic field, the first 
electromagnet po5itibffectin>opposition to the first target element across the vertical gap 

15 and the second electfomag^^^^ opposition to the second target element 

■ across the horizontal gap; ; 

/> ^ ^ a firet sensor for producing a first input signal representative of a 
vertical vibration in the table, 

a ^ond sensor for producing a second input signal 
20 representative of a horiztixital vibnation in the table, and 

a controller for processing the first input signal to produce a 
control signal which energizes the first electromagnet to generate a magnetic field to 
cancel the vertical vibration, and for processing the second input signal to produce a 
control signal which energizes the second electromagnet to generate a magnetic field to 

25 - cancel the hdrizontaUvibration 

— I 29. ; The 'activelyxoMtoIled isolation table as claimed in claim 28, wherein said 
? plurality of motion control ynits eomprises at least three units, and wherein each of said 
plurality of motion control units is mounted adjacent to a different leg of the frame. 

30.' The actively- controlled isolatioatable.as claimed in claim 28, wherein said 
30 plurality of motion control units cpmprises three units, and wherein the first unit is 

attached to the table adjacent a first leg, the second unit.is attached to the table adjacent 
a second leg, and the third unit is attached to the table adjacent a table edge between a 
third and fourth leg, and wherein the frariie includes a horizontal member between the 
third leg and fourth leg. 
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